Regional traffic efficiency plays a key role in the development of a regional economy and its social development. How to accurately explain inherent associations and mechanisms is very significant for regional transport development and investment benefits. This paper analyses the road transport and economic development data for Beijing-Tianjin and Hebei, the Yangtze River Delta and Pearl River Delta city populations, identifies an investment and yield indicator system to effectively reflect road transport efficiency and economic development, and establishes a hybrid data envelopment analysis model based on investment indicator preferences. This model is used to compare and analyze the highway transportation efficiency of the whole Beijing-TianjinHebei region and all cities in this region. The conclusion is that the highway transportation efficiency of the Beijing-Tianjin-Hebei region is less than it is in the Yangtze River Delta and Pearl River Delta urban agglomeration, and the highway transportation efficiency of cities in the Beijing-Tianjin-Hebei region are also very different, so different investment strategies should be made for the highway transportation efficiency of different cities. The research results also indicate that improvement of the regional transportation service capability not only depends on expansion of the regional transportation scale, but also depends on improvement of the regional transportation operation efficiency, and maintains support for intensified and sustainable development routes.
INTRODUCTION
The state pays much attention to the long-term development of the BeijingTianjin-Hebei region and regards the collaborative development of the Beijing-Tianjin-Hebei region as a key state strategy. Transportation is the foundation for economic development. The chairman, Xi Jinping, proposes "transportation integration as the leading field" for collaborative development of the Beijing-Tianjin-Hebei region. As an advance project, the integration of transportation may become the first breakthrough field in collaborative development within the Beijing-Tianjin-Hebei region. As the key capital area, the total population of the Beijing-Tianjin-Hebei region is over 100 million. The Beijing-Tianjin-Hebei region is expected to drive and connect the south and north areas and become a new area of economic growth area China. However, development of the three regions has been very unbalanced for a long period and highlighted issues such as continuous, deteriorated ecological environments and unbalanced urban and town system development are faced. With an increase of the investment to transportation infrastructures from 2016, transportation infrastructure is currently under construction in these regions. How to balance the relation between investment and economic development of the transportation infrastructure is still a difficult subject. Mutual relations between regional transportation and economic development should be further evaluated in a quantitative manner.
This paper focuses on the highway transportation and economic development data of the urban agglomeration in the Beijing-Tianjin-Hebei region and the Yangtze River Delta and Pearl River Delta region, studies mutual relations between regional highway transportation and the economy, identifies the weight of the impact of the investment indices to the regional economy by using the analytic hierarchy process (AHP), establishes a highway transportation efficiency evaluation index system, and applies the data envelopment analysis (DEA) model to comprehensively evaluate the highway transportation efficiency of the whole urban agglomeration and of different cities. By analyzing the transportation highway indices in BeijingTianjin-Hebei and the Yangtze River Delta and Pearl River Delta regions and its development trend, this paper reasonably evaluates highway transportation operation efficiency and scale adaptation of the Beijing-Tianjin-Hebei region from the view of the investment and yield of the city's highway transportation, and provides reference for regional transportation decisions.
On the one hand, many scholars have studied the coordinated development of transportation, economy, society and the natural environment. Wang, C.-X. (2004) constructed a gray coordination model and coordination coefficient to show coordination degree of the economy and traffic by constructing an "Economy-Transportation System" and applying the system theory idea. Wang, W. et al. (2014) determined the coordination degree between the regional economy and transportation at different times, coordination relationships between different modes within regional transportation, and analyze the coordination degree between the regional economy and transportation and within the transportation system by analyzing the elastic relations of the related indices between regional transportation and the regional economy, and between different modes within the regional transportation. Wang, D. et al. (2003) simulated the future development trends of transportation and technology by using the production function method based on time sequences. They obtain comprehensive evaluation indices such as comprehensive transportation indices and resource configuration performance indices by using the indices method based on the comprehensive performance, supply and demand balance and resource configuration idea, and evaluate the degree of adaptation and coordination between transportation and economic development by using the transportation balance factor, factor analysis method and the DEA model based on the comprehensive evaluation indices.
On the other hand, the data envelopment analysis (DEA) method is mainly used to evaluate whether using multi-investment and multi-yield decision units of same type is an effective non-parametric statistics method in technology, as it is extensively applied for efficiency evaluation in different fields and industries of the social economy. Correa (2012) analyzed current completion and efficiency conditions of the Columbian highway and railway system by using the DEA model. The research results indicate that the total average efficiency of the railway is 74.4%, and the general average efficiency of the highway is 20.56%, thereby the railway has higher efficiency in the resource configuration. Karlaftis (2004) surveyed the efficiency and benefits of the urban transportation system by using the DEA, the global efficient production function and the data from 256 transportation systems in North America over five years. The empirical data proves that the efficiency is positively correlated with the benefits. Chiu, Huang, and Ting (2011) evaluated the efficiency of transportation and the economy in China by using the value chain DEA model. Xiong, Ning, and Pan (2006) analyzed the operation efficiency of the constructed "Transportation-Economy" hybrid system by selecting multiple investment and yield indices and applying the DEA method to transportation and economy data over a 15 year period in China. Correa (2012) , Jiang (2009) analyzed and evaluated the transportation system efficiency, and built the evaluation index system.
On the whole, regional traffic efficiency embodies the development of regional economies and society. With economic transformation and continuous promotion of social reforms, the relationships between the existing traffic and economy will continuously change. It is difficult to describe clearly the inherent active mechanisms between traffic efficiency and economic development based on existing research. The traditional DEA method has remarkable strengths in evaluation and research of traffic efficiency, but it is difficult to embody differences among input and output indices due to restrictions of the model. The traditional model cannot describe the maximum demand benefits under different conditions.
PROBLEM DESCRIPTION and modeling

Construction of investment and yield index system
Generally, factors such as investment capital, human power, material resources and functional yields of transportation services should be considered in research on highway transportation efficiency of urban agglomerations (Wang, W. et al., 2014) . The mileage of the backbone highway network (km), average highway network density per persons (km/person) and highway network area density (km/km 2 ) represents the human power, labor and invested funds, and reflects the invested resources to the highway transportation system's efficiency within the urban agglomeration. In addition, the average GDP per person, unit area GDP (10,000 yuan/ km 2 ) and highway network yield of unit length (100 million yuan/km) reflect the economic benefit yields of the highway transportation efficiency system of the urban agglomeration and are key parts of highway transportation efficiency. The highway passenger transportation capacity (10,000 persons) and cargo capacity (10,000 tons) represent the functional yield of the transportation services. The urbanization rate (%) reflects the development and optimization degree of cities and also determines if the highway transportation is efficient within the urban agglomeration.
By combining the current conditions and features of highway transportation in the Beijing-Tianjin-Hebei, Yangtze River Delta and Pearl River Delta urban agglomerations, scientific evaluation indices, and obtainability and quantification of the indices values, the above indices are selected as the input and output indices of the model. These input and output indices can correctly reflect the contents and inherent associations of the regional highway transportation efficiency from a particular perspective. The wholly associated input and output indices compose the highway transportation efficiency evaluation system of the urban agglomeration. The input and output evaluation index system of the highway transportation efficiency of the urban agglomeration is shown in Figure 1 . 
AHP-DEA combination model based on indices reference
The DEA model mainly compares relative efficiency between evaluated organizations via mathematical programming and computing. The basic function of the DEA model is "evaluation", especially when evaluation of "relative good or bad" of multiple similar samples is studied. Parameters need not be estimated in advance, so this model is very advantageous in subjective factor avoidance, computing simplification and error reduction. The DEA model uses the actual indices value in this scheme, which avoids the standard cost of each service. This model can transform multiple investments and multiple yields to the numerator and denominator of the efficiency ratio without need of transforming them to the same money unit, so it can avoid the errors in transformation of many evaluation methods. The DEA model can clearly measure the highway transportation efficiency of the urban agglomeration and enhance objectivity and implement ability of evaluation.
However, the indices are regarded equally in terms of the evaluation of a traditional DEA model (C 2 R). The differences of evaluation decisions to different indices are not considered. Based on the subjective factors of the indices preference degree, the AHP method is used to analyze the importance of the investment indices, identify the weight of the indices and establish an AHP-DEA combination model. The AHP-DEA model is used to evaluate and analyze the highway transportation efficiency of the urban agglomeration. 
The DEA model identifies the weight by optimization to make the evaluation of a group of decision units more objective. The weight optimization aims to maximize efficiency, so the qualitative differences of the vector weights are not considered in actual problems. The system evaluation has specific requirements for input and output in some cases and certain preference is required for the weight indices, namely the expert interference. At this time, the pure DEA model cannot implement this feature well, so the APH-DEA analysis model is proposed. The input and output weight indices are ranked by certain order. Assuming that final m input components and s output components have a certain sequence, namely the preference sequence, the weight vector of the investment variant is computed by using the AHP method: 
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The equation (2) is a fraction programming model and is difficult to solve, so it is converted to a linear programming model for the solution: 
SIMULATION COMPUTING AND RESULT ANALYSIS
Quantification of evaluation indices
With the urban agglomerations in Beijing-Tianjin-Hebei, Yangtze River Delta and Pearl River Delta regions as the analysis samples, based on the input and output index system in Figure 1 and the annual statistical data of the national economy and social development in different provinces, the input and output indices data are obtained as shown in Table 1 : for the urban agglomeration in Beijing-Tianjin-Hebei and Pearl River Delta regions, so the DEA is weakly effective. Based on the results, the highway transportation efficiency of the urban agglomeration in the Yangtze River Delta is maximized, followed by the Pearl River Delta. The efficiency of BeijingTianjin-Hebei is minimal. The difference between the Yangtze River Delta and Pearl River Delta regions is smaller. The data indicate that the highway network area density of the Beijing-Tianjin-Hebei region is significantly lower than that of the urban agglomeration in the Yangtze River Delta and Pearl River Delta regions, and its population density is also slightly less, so the highway network has certain construction growth space. Similarly, to analyze the highway transportation and economy data in the Beijing-Tianjin-Hebei region, the final computed highway transportation efficiencies are shown in Table 4 . The computing results are described as follows:
for the final highway transportation efficiency of Beijing, Tianjin, Tangshan, Baoding and Chengde, so the DEA is weakly effective for highway transportation efficiency in Beijing, Tianjin, Tangshan, Baoding and Chengde, but the production efficiency in these cities is maximized compared to other cities. The high transportation investment is effective and the highway transportation efficiency has huge development potential in the future. 1  h for the highway transportation efficiency in Shijiazhuang, Zhangjiakou, Qinhuangdao, Langfang and Cangzhou. Compared to the first-class cities in Beijing-Tianjin-Hebei, the highway transportation efficiency in these cities can be further improved. 
DISCUSSIONS AND CONCLUSIONS
This paper analyzes the weakness of the traditional DEA(C 2 R) model, establishes an AHP-DEA model, computes, and analyzes and evaluates the highway transportation efficiencies of the urban agglomerations in BeijingTianjin-Hebei, Yangtze River Delta and Pearl River Delta regions. The differences of the weight indices are not considered in the traditional DEA(C 2 R) model. The evaluation results indicate that the DEA model is effective for the highway transportation efficiency of the Yangtze River Delta and Pearl River Delta regions and is weakly effective for the highway transportation efficiency of the Beijing-Tianjin-Hebei region. Based on the AHP-DEA model, the computing results indicate that the DEA is effective for urban agglomerations in the Yangtze River Delta region and is weakly effective for urban agglomerations in the Pearl River Delta and BeijingTianjin-Hebei region, so it is necessary to further perfect the highway transportation system and increase highway transportation development in the Beijing-Tianjin-Hebei and Pearl River Delta regions in future. The highway transportation efficiency of three urban agglomerations are ranked as Yangtze River Delta region, Pearl River Delta region and Beijing-Tianjin-Hebei region by descending order. To analyze the cities in the Beijing-Tianjin-Hebei region, the DEA is weakly effective for the cities in the Beijing-Tianjin-Hebei region (Beijing, Tianjin, Tangshan, Baoding and Chengde), so the development potential is huge. It is necessary to further perfect the highway transportation system and improve the highway transportation efficiency. The highway transportation efficiency of Shijiazhuang, Zhangjiakou, Qinhuangdao, Langfang and Cangzhou is less. The highway transportation efficiency is less than 0.7, except in Zhangjiakou. It indicates that the investment in the highway transportation infrastructure is insufficient; it is necessary to promptly improve the highway transportation facilities and improve highway transportation efficiency.
